The differential and selective sodium dodecyl sulfate-polymyxin B-sucrose medium (SPS) of Kitaura et al. (T. Kitaura, S. Doke, I. Azuma, M. Imaida, K. Miyano, K. Harada, and E. Yabuuchii, FEMS Microbiol. Lett. 17:205-209, 1983), which highlights alkylsulfatase activity, was evaluated for its potential use in the direct isolation and enumeration of Vibrio vulnificus from shellfish. V. vulnificus was detected by this method in six of nine shellfish samples collected from diverse geographic locales during the summer of 1986. Direct enumeration of V. vulnificus at 7.0 x 102 to 2.2 X 104 CFU/g of shellfish was achieved on SPS agar. All sample results were confirmed in parallel examinations by using conventional glucose-salt-Teepol (Shell Oil Co.) broth and alkaline peptone water enrichment with plating onto thiosulfate-citrate-bile salts-sucrose agar. Additionally, alkylsulfatase activity was evaluated in vitro for 97 strains representing 14 Vibrio spp. V. vulnificus and Vibrio cholerae-01 were the only species consistently found to possess this activity. The range of plating efficiencies for random V. vulnificus strains analyzed oh SPS was 11 to 74% (mean, 39%). The use of SPS shows great promise for the study of shellfish and other environmental sources for V. vulnificus.
Vibrio vulnificus is a pathogenic, halophilic marine vibrio first described in 1976 by Hollis and colleagues (5) as a lactose-fermenting Vibrio sp. phenotypically resembling Vibrio parahaemolyticus. Since their article was published, numerous reports of human disease attributed to V. vulnificus, including bacteremia, wound infections, and most recently, gastroenteritis, have been described, and the organism is now considered one of the major pathogenic species within the genus (7, 11) . Primary sepsis, often a lifethreatening infection caused by V. vulnificus, principally occurs in immunocompromised individuals and has been most commonly associated with the consumption of contaminated shellfish, particularly raw oysters (2, 6, 13) .
V. vulnificus is a common inhabitant of coastal waters including the shellfish-harvesting areas of the United States. Concentrations of V. vulnificus in these habitats are generally higher during the summer months, and recent studies by Tison and Kelly (14) indicate that the potential virulence of environmental and clinical isolates appears to be virtually identical. Since the routine laboratory examination of shellfish for coliforms and total mesophilic counts provides little usable information that can predict vibrio concentrations in each product, media designed to allow enumeration and identification of specific pathogenic Vibrio spp. are required. The current vibrio isolation methods usually entail enrichment procedures with plating onto various modifications of thiosulfate-citrate-bile salts-sucrose (TCBS) agar (15) . However, these methods can be time-consuming since an enrichment incubation is required, and a large number of similar colonies must be picked and identified to detect all of the pathogenic vibrios that may be present. This study reports the evaluation of sodium dodecyl sulfate-polymyxin Bsucrose medium (SPS) as originally described by Kitaura et al. (9) Media. SPS agar was prepared as previously described by Kitaura et al. (9) . Glucose-salt-Teepol and alkaline peptone water (pH 8.5) enrichment broths, as well as TCBS agar (Eiken Chemical Co., Ltd., Tokyo, Japan) isolation plates, were prepared as described in the Bacteriological Analytical Manual of the Federal Food and Drug Administration (15) . Gelatin agar and heart infusion agar (HIA) were prepared as previously described (10 1986. All samples except those from Pacific sources were air shipped to San Francisco Bay area outlets. Isolation of V. vulnificus from shellfish samples was accomplished as follows. The exterior surfaces of oysters and clams were washed, the shells were aseptically opened, and a 25-g portion from each sample was homogenized in 225 ml of 3% NaCl diluent. Both TCBS and SPS plates were spread inoculated with serial 10-fold dilutions (0.1 ml) of the sample homogenate made in sterile 1% peptone water starting with a 1:100 (vol/vol) dilution for direct enumeration. Portions (1 ml) of the original homogenate were also inoculated into 10 ml of alkaline peptone water and glucose-salt-Teepol broths for enrichment in an abbreviated three-tube most-probablenumber (MPN) determination. After overnight incubation at 35°C, a loopful from each MPN enrichment tube showing growth was streaked onto TCBS agar. In addition, an enrichment culture of each sample was made by homogenizing a second 25-g portion in alkaline peptone water and incubating it for 6 h at 35°C before streaking a loopful of the culture onto TCBS and gelatin areas. Whenever possible, a minimum of five colonies of each resulting colony type from each medium were picked. After identification of each isolate by the method described above, the estimated count of each Vibrio sp. was determined. The overall bacterial quality of each shellfish sample was measured by standard plate count and fecal coliform methods as described previously (12 vulnificus (clinical, n = 5; environmental, n = 5) and the type strain were determined. Briefly, each strain was grown on HIA supplemented with 5% sheep blood overnight, after which a single colony was inoculated into physiologic saline and serially diluted in the same medium into an appropriate range so that a 100-,ul sample yielded approximately 15 to 150 colonies. This volume was then spread in duplicate onto both HIA and SPS plates. Plates were incubated for 24 h at 35°C, after which total colony counts and colony size (for 10 representative colonies) on the corresponding dilution for both HIA and SPS were determined. The relative plating efficiency was expressed as (average number of colonies recovered on SPS/mean number recovered on HIA) x 100 (%). Stock strain ATCC 7652 was plated onto 10 plates of each medium to obtain a more precise value for this strain. The student t test was applied to the data to determine the significance of this latter value.
RESULTS
The results of tests on nine shellfish samples for V. vulnificus and other Vibrio spp. are given in Table 1 . Typical opaque halo-positive colonies were observed on direct SPS enumeration plates from six of the nine samples examined, while two samples produced opaque halos on SPS agar only after enrichment. The typical appearance of V. vulnificus colonies on direct SPS enumeration plates after 24 h of incubation ( Fig. 1) as well as after prolonged (48-h) incubation of a pure culture (Fig. 2) is shown. The details of the halo structure around the colonies are also highlighted (Fig.  2) cholerae-01 strains were found to produce typical opaque zones after 24 h of incubation.
The plating efficiency data for 11 V. vulnificus strains are given in Table 3 . The mean plating efficiencies for the different strains ranged from 11 to 74%, with an overall mean of 39%. The plating efficiency value for ATCC 7652 was statistically significant (Student's t test; t = 13.65, P = 0.05, n = 10). Colony sizes on SPS ranged from 1.07 to 2.79 mm, which resulted in size ratios of 0.38 to 0.95 when compared with growth on HIA agar.
DISCUSSION
The importance of environmental surveillance studies for V. vulnificus and other pathogenic vibrios is now clear, given the increased incidence of reported cases of serious V. vulnificus infections (3, 11) . Since most cases of V. vulnificus bacteremia are thought to arise because of prior consumption of raw oysters, levels of this vibrio in oyster samples may critically affect infective doses. Direct enumeration methods for V. vulnificus may be preferred over enrichment and MPN methods if the minimum infective dose is found to be in the countable range (>100 bacteria per gram). This is which are also of interest in the investigation of food-borne vibrio infections. In our experience, other halo-positive vibrios (such as damsela) are relatively rare in shellfish. P. putrefaciens was the only other organism that routinely grew and formed halo-positive colonies on SPS. Such isolates were easily eliminated by their H2S production on triple sugar-iron agar. In addition, these preliminary studies suggest that the use of SPS has the distinct added advantage of detecting sucrose-fermenting strains of V. vulnificus, which in our study accounted for 20% (n = 4) of the strains tested, all of which were from clinical sources. Since the biochemical reaction of V. vulnificus on SPS agar appears to be due to a fairly specific straight-chain sulfatase, this differential and selective medium may elicit an important biochemical characteristic in the rapid identification of isolates of V. vulnificus in the clinical laboratory as well. The use of SPS for the direct enumeration of V. vulnificus from shellfish and other environmental sources is promising. This study has confirmed the usefulness of SPS for the examination of shellfish and extends the range of Vibrio spp. screened beyond those originally tested by Kitaura et al. (9) . The relative plating efficiency of 11 V. vulnificus strains on SPS was also determined. Further studies should be performed with SPS to more comprehensively gauge its plating efficiency and to determine the range of reactions shown by a wider variety of aquatic organisms. The effect of various incubation temperatures should also be investigated, and other chemical additives, including antimicrobial agents, could be investigated for incorporation into SPS agar to inhibit the growth of Pseudomonas spp. Further work is in progress in our laboratory with SPS in the study of commercial shellfish supplies to gather more information on the frequency and relative concentrations of V. vulnificus in such products.
